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REMARKS 

The prescDt application relates to hybrid maize plant and sised 36N70. Claims 1-42 are 
currently pending in the present appUcation, Claims 9-11, 13.19,:22-24, 26-32, 34-40 have been 
canceled. Claims 43-54 have been added. Applicants respectfiilfi^reque^ consideration of the 
following remarks. : 

Detailed Action 

A. Status of the Application 

Applicants acknowledge the indefiniteness rejection and the art rqjection of record of 
claims 10, 14, 18, 23, 27 and 31 have been overcon^e. 

B. Specification 

Applicants submit the Deposit section on page 50 has been amended in order to properly 
include both the hybrid maize plant 36N70 and the inbred parents GE570937 and GE501400 
within the Deposit paragraph. The changes do not add new matter as thefe is literal support for 
the minor changes on pages 7 in the originally filed specification.. The specification has now 
been amended to correct these minor changes. 

In addition, Applicants respectfully submit that the actual ;ATCC ideposit of the two 
inbred plants will be delayed until the receipt of notice that the appMcatidn is otherwise in 
condition for allowance, in compliance under 37 C.F.R. §§ 1.80Ii-L809. :Qnce such notice is 
received, an ATCC deposit will be made, and the specification will be ait\ended to contain the 
accession number of the deposit, the date of the deposit, a description of ithe deposited biological 
material sufficient to specifically identify it and to permit examination arid the name and address 
of the depository. The claiitts will also be amended to recite the ATCC deposit number. 
Applicants submit that at least 2,500 seeds of hybrid maize plant!36N70 kind the inbred parents 
GE570937 and GE501400 will be deposited with the ATCC. Applicants fiirther assert that the 
deposits will be made withofut restriction. 



Rejections under 35 U.S.C, S 112, Second Paragraph 

Claims 8, 1 1-19, 21, 24-32, 39, and 42 stand rejected under 35 ujS.C, § 112, second 
paragraph as being indefinite for failing to particularly point andidistinctjly claim the subject 
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matter which Applicants regard as the invention, as stated in the l^st Office Action for clainis 5- 
8, 10-19, 21, and 23-32. 

Applicants respectfully traverse this rejection. Applicant^' jwish tojreiterate that it is well 
known in the art that the hybrid 36N70 does represent elite germpjlasm produced from the 
crossing of inbred parent lines GE570937 and GE501400 for chamcter triits of major importance 
which will subsequently be used in a breeding population to further thosei elite traits. AppUcants 
further assert that it would be understood by one skilled in the artjthat thej claimed maize plant or 
its parts contain at least 50%. of the alleles inherited from the hybrid mai2ie plant 36N70 having 
been deposited under an ATCC Accession No. to be disclosed upon allowance of subject matter. 
In addition, **[W]hen not defined by Applicant in the spccifiicatioii, the words of a claim must be 
given their plain meaning. In other words, they must be read as Ijiey would be interpreted by 
those of ordinary skill in theiart", thereby alleviating this rejectioi^. See In re Sneed, 710 F.2d 
1544, 218 U.S.P.Q. 385 (Fed. Cir- 1983); See aho MPEP § 21 1 liD2. However, in order to 
expedite prosecution AppUcants have canceled claims 9-11, 13-19, 22-24, 26-32, and 34-40, 
thereby alleviating this rej ection to said claims. 

The Examiner rejects claim 39 as indefinite for the recitation "A 36N70 maize plant 
. . .deriving at least 50% of its alleles from 36N70" as conflising. 

Applicants have now canceled claim 39, thus alleviating this rejection. 

Claim 42 stands rejected as indefinite for failing to fiirthqr limit c^aim 41. 

Applicants have now amended claim 42 to read -A malqisterile maize plant produced by 
tiie method of claim 41 as suggested by the Examiner. Appliciants thahk the Examiner for the 
suggested language. 

In Ught of the above 'amendments and remarks, Applicands respecjtfully request 
reconsideration and witlidrawal of the rejections under 35 U.S.C^ § 1 12, second paragraph. 

Rejections Under 35 U,S.G, S 112, First Paragraph 

Claims 1 1, 15, 19, 24, 28, 32, 34 and 38-40 stand rejecteij under 85 U.S.C. § 112, first 
paragraph, as containing subject matter which was not describediin the specification in such a 
way as to reasonably convey to one skilled in the relevant art that the inventor(s), at the time the 
application was filed, had possession of the claimed invention. The Exajniner states that there is 
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no Uteral basis in the specification for the 50% allelic derivation language. Further the Examiner 
states that there is no basis for the double haploid method. 

Applicants respectfully traverse this rqection. Hovv'ever, in an effort to expedite 
prosecution, AppUcants have canceled claims 11,15, 19. 24, 28, 32 and 3i8-40 and added new 
claims 43-54, alleviating this rejection. In addition, AppUcants h&ve now? amended claims 12 
and 25 to include -contains one or more transgenes which have been staljly integrated therein, 
said transgenes selected fiom the group consisting of: a plant disease resiBtance gene, an insect 
resistance gene, a herbicide resistance gene, and a male steriUty gpne-, Hiereby limiting the 
claims to the types of transgenes that may be introduced and thatiare supi|orted by the 
specification on pages 42-48, as suggested by the Examiner. 

In addition. Applicants have canceled claims 34 and 40, thereby alleviating this rejection. 
Applicants respectfiilly assert the following regarding double hajiiloid brdeding. The 
specification discusses multiple breeding techniques that may beiused according to the invention. 
The specification at page 3 states [p]lant breeding techniques known in tlje art and used in a 
maize plant breeding program include, but are not limited to, recurrent ection backcrossing, 
pedigree breeding, restriction length polymorphism enhanced selection, genetic marker enhanced 
selection and transformation" (page 3, specification). Double haploid breeding is a technique 
long known and used in the art of plant breeding. Applicants areiattachii|ig herewith WmMoL 
"Efficient Production of Doubled Haploid Plants Through Colchicine Treatment of Anther- 
Derived Maize CaUus", Theoretical and Applied Genetics, 77:889-892, 1989. This demonstrates 
haploid breeding is a long-known technique in the art of plant breeding and supports Applicants' 
assertion that producing double haploids is well known to one oiiiiinarilyiskilled in the art. 
Further, it is axiomatic in patent law that a specification "need not teach,|and preferably omits, 
what is well known in the art," See Spectra-Physics, Inc. v, Cokwrent, iHc., 3 U.S J.Q.2d 1737, 
1743 (Fed. Cir. 1987). Double haploids are produced by the doubling oja set of chromosomes 
(IN) fiom a heterozygous plant to produce a coropletely homozygous individual. This is 
advantageous becaxise the process can eliminate the generations of selfii^ needed to obtain a 
homozygous plant from a heterozygous source. Applicants therefore resjpectfiiUy request 
withdrawal of the above rejections. \ : 

Claim 33 stands rejected under 35 US.C § 1 12, first pai^Lgraph as containing subject 
matter which was not described in the specification in such a waiy as to enable one skilled in the 
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art to which it pertains, or with which it is more nearly connectedjito makfe and/or use the 
invention. The Examiner states the claim is drawn towards a melliod of ifiaking a hybrid plant 
designated 36N70 comprising crossing inbred maize plants GE570937 anjd GE501400, however 
the Examiner states the tenns of this deposit are not known. 

AppUcants respectfully traverse this rejection. Applicantsi herein submit the Deposits 
section has been amended in order to properly include both the hybrid maize plant 36N70 and 
the inbred parents GE570937 and GE501400 within the Deposit paragraplh on page 50. The 
changes do not add new matter as there ts literal support for the minor chtinges on page 7 in the 
originally filed specification. The specification has now been amended correct these minor 
changes. Applicants thank the Examiner for pointing out this inaflvertcnl mistake. 

In addition Applicants submit that the actual ATCC deposit will be delayed until receipt 
of notice that the application is otherwise in condition for allowance, Asjprovided in 37 C,F,R. 
§§ 1.801-1.809, Applicants wish to reiterate they will refirain froiji deposit of hybrid 36N70 and 
inbred parents GE570937 and GE501400 until allowable subject? matter is indicated. Once such 
notice is received, an ATCC deposit will be made, and the specification Will be amended to 
contain the accession number of the deposit, the date of the deposit, description of the deposited 
biological materials sufficient to specifically identify and to permit examfination and the name 
and address of the depository. The claims will also be amended to recitejthe proper ATCC 
deposit numbers. The Applicants provide assurance that: 

a) during the pendency of this application access to the inve^ition will be afforded to 
the Commissioner upon request; 

b) all restrictions upon availability to the public willSbe irrevpcably removed upon 
granting of the patent; 

c) the deposit will be maintained in a public depositbry for a{ period of thirty years, 
or five years after the last request for the enforceable life of the platent, Whichever is longer; 

d) a test of the viability of the biological material at 4he timej of deposit will be 
conducted (see 37 C J.R. § 1.807); and 

e) the deposit will be replaced if it should ever become inviible. 

Therefore, Applicants submit at least 2500 seeds of hybrid maiz^ plant 3i6N70 and the inbred 
parents GE570937 and GE501400 will be deposited with the ATlCC. Iniview of this assurance, 
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the rejection under 35 U.S,C. § 112, first paragraph, should be reikoved. (MPEP § 2411.02) 
Such action is respectfully requested. 

Claims 8-19, 21-32 and 34-40 stand rejected under 35 U.SIC. § 1 112, fii^t paragraph, as 
containing subject matter which is not described in the specification in suth a way as to 
reasonably convey to one skilled in the art that the inventor(s), atithe timq the application was 
filed, had possession of the daimed invention^ as stated in the las^ Office iAction for claims 8-19 
and 21-32. The Examiner stated that claims 12, 15, 25, 28 and d^jpendents thereon are broadly 
drawn to any transgenic plaiit which contains any heterologous tisansgenelof any sequence 
conferring any trait, and methods of using the transgenic plant, the Examiner further stated that 
claims 8, 16, 19, 21, 29, 32 and dependents thereon are broadly drawn to iany "single gene 
conversion" plant comprising one or more traits introgressed intdithe claifcned variety by 
backcrossing or other traditional means, and methods of using thise planfs. 

Applicants respectfully traverse this rejection. However,jin an effort to expedite 
prosecution, Applicants have canceled claims 9-11, 13-19, 22-24^ 26-32, iand 34-40 and amended 
claims 12 and 25 to include -contains one or more transgenes wliich havie been stably integrated 
therein, said transgenes selected firom the group consisting of: a iilant disease resistance gene, an 
msect resistance gene, a herbicide resistance gene, and a male st^lity gelne-, thereby limiting 
the claims to the types of transgenes that may be introduced and lihat are supported within the 
specification as aforementioned. 

Applicants wish to reiterate that under the written description requirement, Applicants 
should be allowed to claim the progeny of a cross of maize plants crossed with 36N70 with 
phenotypic characteristics since distinguishing identifying charaoteristicd in the chemical and 
biotechnological arts, dealing with DNA, are those such as: partial structlire, physical 
and/chemical properties, fimctional characteristics, known or dishtlosed qorrelation between 
structure and function, method of making, and combinations of ^e above. In plants, these 
identifying characteristics are those detectible in the phenotype \^hich are manifested through 
gene expression. Claims to -a particular species of invention are adequately described in the 
disclosure of relevant identifying characteristics are present in thfc applicbtion. Again, one of 
ordinary skill in the art is reasonably apprised in knowing that aiplant crossed with 36N70 will 
result in a plant having inherited half of the genetic material of 36N70. A finther limitation set 
by Applicants is that the plants must be capable of expressing a combination of at lea$t two of 
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these phenotypic characteristics of 36N70. Applicants respectfully submift die claims now come 
within the purview of the written description requirement and recfjiiiest reconsideration. 

Claims 8, 12-19, 21, 25-32 and 34-40 stand rejected underj 35 U.SjC. § 112, first 
paragr£?)h, as containing subject matter which was not described ih the spiecification in such a 
way as to enable one skilled in the art to which it pertains, or miM which it is most nearly 
connected, to make and/or use the invention, for the reasons stateid in the last Office Action for 8. 
12-19,21 and 25-32, 

Applicants respectfiilly traverse this rejection. Applicant^ herein submit the Deposits 
section has been amended in: order to properly include both the hybrid m^ize plant 36N70 and 
the inbred parents GE570937 and GE501400 within the Deposit paragrai^h on page 50. The 
changes do not add new matter as there is literal support for the minor chtoges on page 7 in the 
originally filed specification^ The Specification has now been amended tb correct these minor 
changes. The AppUcants further provide assurance that: 

a) during the pendency of this application access to the invention will be afforded to 
the Commissioner upon request; 

b) all restrictions upon availability to the public will^be irrevocably removed upon 
granting of the patent; 

c) the deposit will be maintained in a public depository for ajperiod of thirty years, 
or five years after the last request for the enforceable life of the latent, v^chever is longer; 

d) a test of the viability of the biological material at iihe time? of deposit will be 
conducted (see 37 § 1.807); and ■ 

e) the deposit will be replaced if it should ever becoine invidble. 

Therefore, Applicant submits at least 2500 seeds of hybrid maize plant 3i6N70 and the inbred 
parents GE570937 and GES01400 have been deposited with thel ATCC. • In view of this 
assurance, the rejection under 35 U.S.C. § 1 12, first paragraph, ^ould bfc removed. (MPBP § 
241 1.02). In addition. Applicant submits a patent application **rifced not teach, and preferably 
omits, what is well known in the art." Hybritech Inc. v. Monpcl0nal Antibodies Inc. , 802 R2d 
1367, 231 U,S.P.Q. 81 (Fed. Cir. 1986); MPEP § 601. One of oirdinary skill in the art of plant 
breeding would know how to evaluate the traits of two plant vatsi'eties toidetermine if there is no 
significant difference between the two traits expressed by those ivarietie^. In addition, in an 
effort to expedite prosecution claims 9-11, 13-19, 22-24, 26-32,iand 34-40 have been canceled. 

■ i 
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For the reason aforementioned, it is respectfully submitted that Applicants* claims are 
sufficiently enabled by the specification. 

In light of the above amendments and remarks. Applicant^ tespecllfully request 
reconsideration and withdrawal of the rejections to claims 8-19 aiid 21-40 under 35 U.S.C. § 
112, first paragraph. 

Summary 

Applicants acknowledge that claims 1-7, 20, and 41 are allowed. 

Applicants acknowledge that claims 1-10, 12-14, 16-18, 2iO-'23» 25-27 and 29-31 are 
deemed free of the prior art. The Examiner further states the prior art fails to teach or fairly 
suggest plants which derive 50% or more of their alleles ftom thd exempUfied hybrid. This 
clearly indicates that hybrid maize plant 36N70 as a whole is considered io be distinguishable 
from the prior art for the puiposes of novelty and non-obviousness. Theijefore, Applicants 
respectfully submit that the deposit of the representative seed of ^6N70 and inbred parents 
GE570937 and GE501400 should satisfy the description requirement. Id light of the above, 
Apphcants respectfully submit that the rejections under 35 U.S.G. § 1 12,ifirst paragr^h as 
improper and requests reconsideration and withdrawal of these rijections. 

Conclusion 

In conclusion. Applicants submit in light of the above anigndmetfts and remarks, the 
claims as amended are in a condition for allowance, and reconsi<3erationds respectfully 
requested. 

No additional fees or extensions of time are believed to bp due ini connection with this 
amendment; however, consider this a request for any extension iadadvert^ntiy omitted, and charge 
any additional fees to Deposit Account No. 26-0084. 

Any deficiency or overpayment should be charged or creijited to [Deposit Account 
26-0084. 
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Reconsideration and allowance is respectfully requested. 



Respectfully submitted, 
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Des Moines, Iowa 50309-2721 
Phone No. (515)288-3667' 
Fax No. (515)2884338 . 
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16 

Received frofli<S152881338>at 5/27/034:56:19 PM [Eastern Daylight ^^^^ 



_05/27/03 TU E 15: 00 FAX 5152881338 



MCKEE VOORHEES & SEASE 



@]018 



Thoor AppI Gewt (1989) 77: W-B* 



0 Springp^Vfe^tog 1989 



Effident production of doubled haplQid plants Ihrongh colchicine 
treatment of antiieir-denved maize caOns 

WanS J.F. TeMina^ andiJ.M. Widtmbn^"^ 

1 fJ^^P^™! rfAgr^ Tteua Hall, 1202 S. Ooodwm Av«.. Univcrtity of IlUiiiri»j UrbwuL iL 61801 USA 
' United A«riMQd«»Iiic«CliaiiipmgiLlL 61820^ US^ oiaui, usa 

Reoeiwd November 15, 1988; Accepted Nwtmber 28. 1988 
Commuoieated by G. yiftnzA 



Summary. A chiomosomB doubliiig techaique, mvolviog 
colchicme cceatment of an embtyogenic^ haploid calhis 
line of maize (Zea nuxyt L.p derived through aathcr col' 
tore), was evaluatccL Two eoichictii£ levels (0.025% and 
0M%) and three tra&tmeiic durations 48p and 72 10 
were used and comparod to untieated controls. Chromo- 
8ome counts and seed momy ftom rc^enemted plants 
were detennined No doubled haploid plants were xtsen- 
erated from colli without oolchidne treatment After 
treatment with cokhidnefor 24 h, the callus tissue z^gen* 
erated about 50H doubled haploid plants. All of tha 
plants i^geoeratetd ftom Ihe caHiitzaated with eolcbidae 
for 72 h w«re doubled haploids.>ejicept for a few tvtra- 
ploid plants. No signt&wft difftrenoe in chramoaomfl 
doublmg was observed between the two cokhxcuiB levels;. 
Most of the doubled haploid pUj*t$ produced viable pol- 
len and a total of 107 of 136 doubled haploid plants 
produced ftom 2 to 256 seeds. Leas extensive studies with 
two other genotypes gave similar results. These resulu 
demonstrate that colchicine treannent of haploid caBus 
tissue can be a very eiiective and relatively easy method 
of obtaining a high ftet^ueney of doubled haptloid plants 
through anther cultuie > 

Key words: Zoi jmy^ - Anther culture - Emhiyogenic 
haploid calhis - Quomosooie doubting 



IntrpdiicHim 

Hie $iioce$» of producing haploid plants in maize 
(hroujth anther culture makes it possible to generate 



* To whom oofveapeodeDoe shooM be eddtetted 



inbred lines throng chromosome doubling (Kuo et al. 

Howevtr, tte «q^pfieatkm of anther culture to p^ 
breeding is largely idq^endeit on the production of large 
numben of haploid plantsiand the high frequency of 
Induction of chromosome doubUng. In maize, anther- 
derived lines have«ecn dev^^pcd and used commercially 
(W» et al* 1983), Hbwevor, the ftequemsy of chromosome 
dout^ of antho-derived haploid plants either sponta- 
neous^ or througfi oolchidne treatment has been un- 
desirably low (KU. et aL 19l8; Nitsch et al. 19S2; }4isio 
et al. 1978). Ku et)^. (1978) jand Nitsch et al. (1982) ob- 
wrved only 6.3% and 4.5% ipontaneously doubled hap- 
loids among plants rtgeneraied from cultured m^i^ an. 
thoni, respectively. MiaO etal. (1978) treated antharw 
derived plantlets abd obtain^ only one plant which set 
seeds £:om the 24j^ants thdt survived. 

iVith many plant spedesi chromosome doubling can 
bo achieved by thduse of an| antimitotic agent treatment 
of anthcrslerivet^; haploid yilantlets. Since antindtotio 
agents such as colcfaidne usuaUy induce chromosome 
d oublmgin only some cdls due to die asyndirony of cell 
divisions, chimerio plants are common after colchidno 
treatment For pbnt spedes whidi produce bisexual 
flowets and dUmjor hrancjis, chimeras are acceptable 
since some tillersior brandhs may develop from the 
chromowOTMHiouUed cdls.) In contrast, maize plants 
usually do not prdduce tilled and cell lines whidi give 
tise to die tassel and ear ar^ already determined in die 
mature seed (Coe iand NeulFer 1978X Colchicine trea^ 
ment of mai» seedlings or plhntleta may double the chro- 
mosome number ib the tassel or ear, but often not in 
both, which win make self-ppiiination imposable. These 
rcasDM may exi^kin why ithe efficiency of inducing 
doubled haploid plants in maize is very low by colcbidne 
treatment of regenerated hjs^loid plantlets (Miao et al 
1978), 
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Since somntic embiyos bam tissue cultures may dc^ 
vdop from one or a few cdb, it mayibe possible to induct 
chromosome doubltz^ in emhiyogedc haphnd caDus 
and then induce plant regeoexation &om this tissue 
(Genovesi and CoUiss 19S2), The; use of n long term 
haploid culture system capatie of plant f^enexation may 
mnlce the chromosome doubling tecbnique efifactive as 
proposed by Ikay et al. (19S6). This paper reports the 
lecovexy of doubled haploid plants! with high frequency 
through colchicine treatment of cmbryogenic haploid 
calhis initiated from maize anther cultuit. 



MRferials and metbods 

Estabiiihmint pftialhu cvAiim plants cf a maize hybridp 
H99 X Fr)l6» artma in tho Geld in 1987. l^ssri collects 
ftnther plati^s woe wried out by prcvimiialy deaeribed methods 
(Molinc and Thompson 19S7>. Petri dishes r-^'**«tng anthen 
were placed in ptoatio boxes cnveiedivith alenumnzi fefl at 28 
About 1 month later, embtyc-Iikfi stnictum bc^ to appear 
from fespondinj aatbeis* The enbryo-Iike structims wen 
removed ham fie anthezs and nvoe itaniibrred to a oklh^ io- 
dnction mediiun. The e^Dus indtiotioe medium consiitcd of 
DQacroautnoata and vitmtni of N6 medium (Chu et al. 1975^ 
nicromitrients oT fiS mediiim (OsmboiB et aL 1968) with 2^D 
(0.4S|iArX dicamba 01^]^ iDyo^ino4itol (OiSSmJtf), U 
proliiie (25.0mAr)i enSKmatie essetn bydrofysate (OA g/t). lu- 
nose (87.CmAa Na^BPIA (110^5 and FtSO^ 71-1.0 
(100.2 lOf). Calhtt lines, each of which wai deiived from a 
embiyc'Kke stnictui^ wen mamt^sod b) the calhu nxducd(ni 
medium throuj^ sabcaltures idective tmm& cf the emhryo- 
ffpuccalli at4'WeeleiDterva]«« Ooe highb^ ceBracvablcdalhu Hue 
was nsed scntht after odhure inlHatlon. 

Cctchi^ trtatment. Colchicine wfts disiolved in water to make 
a stock volution wbieb wai liher-steriUzed and then added to 
Hquid D mfidhun (Dmcm et aL 1985) to the icijuifed Unal 
conceniiatioas and stored in the dsfk. About 20 ml of the me- 
dium was placed ui Petri dishes (100^25 earn) and afiher paper 
disc wppoited by a Btahdess sted ecreeib which were aucodaved 
previoiisly. iMU satumted With the Hqnid medium. Bmhryogenic 
calli. 20 days after sttfoetdtDre^ were eutdmo as-1.0 mm pieCQ 
and wen plated on the tnoist iiher piper and incubated in the 
dark at 28*^ F^nowina treatment, the calli were placed on a 
stainlms ted screen and were rimed twjoe fai liqiud D mcdhmi 
without oolefaidn& Twq oolefakUiB levds (l)M5% and 0.05%) 
Slid flxfee treatment dunaticns were used and compared with 
untreated oontrol. 

P/ani regenemiwi from treated adH OoUhkine traited <^ 
were subeultuted two times with an mtoval of 1 0 dayi on a^o^ 
solidified D medhmu For plant Tegeneration, calli were trans- 
ferred to H medium (Duncaa etaL 1985) with Z-SaxfH 
6-baizyladenhie for 3 dftyi. Hie calli wc«e then adtnred in H 
medium until some regenerated plantlets grew to 3-4 em louft 
whkh occurred whhui about 20 days. The regenentod pianttets 
were trsns&rred to H medium nimus RT vitamins and ghxnse 
bi culture tnbei for Airther growth. After 7- 1 0 day8» they were 
transplanted to soil in li.S-cm pots and frown for another 
10-15 days«(Dr even longer dqiudingi on the growth of each 
plant). Pinal^, (he plants were transplanted to 27.5-cm pots in 
the greenhoiue and at )mt two n>ot tips were collected Stem 
each plant for nutotk eiamination. 



Plants with poDen md silks wqre edf-poUtaed on succes- 
fitved^ys. The dates ofithe first day of pollen shed and the first 
day ctfrilfc emergence, wen iccoidcd for 33 iquescntative 
douued baplmd plantaj Seeds weci harvested 40-45 days after 
pollination. 

P^Umin^ ^mdjf}/ml The loot tips were eokf-treated ia 
wse water for 24 hand fixed in 3; 1 95% ethanoliglarial 
sdd for 24 h and then saored in 70% ethanoL For mitotic exam- 
lantloa^ the root tips £hjm each plant were placed in a small vial 
with 1% aoetocanuineland heated to the bt^'ng pomt scrcrat 

tunes. The meristeamttb region was excised and squashed in one 
drop of 45% ghcid aa*ic add Oa ft 4idfi. At least two root ti^ 
ftpm each regenemted [plant were cxamiaed to detcnnme^ 
phMdyfeveL 



AU 24 plants legeaqralcd froi* the untreated caUi con- 
tained the haploid nqmber of tfn chromosomea (Thbto 1, 
Fist 1 a). Of M plants regenerated ftom calli treated fox 
24 b with cither 0.(KJ5% or 0J05% colchicine, 49 were 
diploid with 20 diroitiosoffles d^ig. 1 b), and the othcf 47 
were haploid with ten chtomoomcs. Of 53 planU from 
the calli treated with ioolchidn^ for 48 h, 29 were diploid 
plants. Cam treated Ibr 72 h d9i not legenente any hap. 
laid plants, with most being diploid plants except for one 
and four tetr^Ioi^i plants with 40 chromosomes ob- 
tained ftom the tnto TWi tre&tmenu of 0,025% and 
0.05% colchicine, rcijpectivdyj No significant dtObrenoe 
in chromosome doubling was observed between these 
two colchicine lavelij(lhbl6 

Tbe hapiold plains lefienciated in this study all dis- 
played a characteristic morphology (shwrt, narrow 
leaves, reduced vigor, and nor poOen shed)* Under the 
same growing conditions, the doubled haploiid plants 



TWel Pkttdy of plapts regenegated from ooWjfcinfr-tfeated 
^^ad^aiasdcttfwin^ 



Colebieme treattnent '• 

Hours Concen- 
tration 


No. oftihmts regoteiated 




Ibtal 


Heplcjd 


Diploid 


Ibtra^ 
ploid 






24 


24 


0 


0 


24 


0.025% 


48 


23 


25 


D 




0.05% 


48 


24 


24 


0 


Tbtal 




98 


47 


49 


o" 


48 


0.023% 


22 


8 


14 


0 




0.05% 


31 


16 


15 


0 


Total 




53 


■ 24 


29 • 


0 


72 


0,025% 


31 


• 0 


30 


1 




0l05% 




0 


28 


4 


Ibtd 




63 


0 


58 


J 
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^were generally ntote vigorotu in flppeatance and grew 
more npidly wbea oosnpared ^with the haploid pUnts 
(I^ 2)* The doubled haploid plutb from diffec^ 
meats ethihited similar marphology. Most of then pro- 
duced abundant, viable poBen., A common featuie of 
maxky of the doabbd haploid i^te was the afqwanmce* 
of ta$8dl$ witii some femab floiffors. Hie ears of these 
plants could* however, sdU be self-poSixiated if the sillcs 
<!iiierged in tune* 

Most of the doubled h^rloid plants, 107 of 136, pro- 
duced from 1 to 256 seed per eax after self-pollination. A 
few eaxy had ahnost normal seed set (Fig. 3}. Among 29 
doubled haploid plants which did not producs seed, 21 of 
the plants oould not be pollinated due to asyixcltfonous 
pollen shed and sOk emergeflcc^ithe lack of ear develop- 
ment, or to stunted growth. Eight other pbinti produced 
no seed even after bemg poUinated one or two times on 
successive daya. The syncfaionyi of pollea shed and silk 
emei;gence were the main factors which affected the seed 
piodnction by the doubled haploid plants. As shown in 
'Bible 2, if the sflkB emeiged for pbUmation 1-3 da^ 
later than the &st pollen was shed, an aveiaijc of mote 
tlun 87 seeds per ear were set; If ttie polHnation was 
atarted 4 days later than the &st polka was shed, the 
aeed set was dramadcally decieassd to 39 seeds per ear. 
Most plants would not set seed if silk emeiKenoe was 
delajred 5 days or more after pollen shed began. 

Five tetxaploid plants were fonnd amot^ the plants 
regenerated after the two 72-h colcihidne treatments* Of 
these five plants, two plants had tenninal ears and three 
plants had good poUen shed^ but due to late silk 
encEgenoe, on^ two of the planti produced one seed 
e«Dh aRer self-poUinatiott. 

Antheiyderived calhis lines torn two other hybcids, 
H99 X Pa91 and Fa91 x Fil 6» were also treated with col- 
chicine. Due to lower regenerabiHty of the caUus line 
£rom Pa9l x Frl6 and incomplete experiment design for 
tbe calliis liite tiom H99 X Pa91,ithe data from these two 
lines an not inchided. However, these ei^>edments also 
siiowed that the longer the callns cultures wBie incubated 



TaUe 2. Hie nlatioiiship betmm the delay in silk cmer^aoe 
after the beguming Of ppltea shed and the avemgp nombcr ef 
seed prodiu»! per ear 33 randomly sdected doiiblod 
hapl(^ plants 



5i]k emeigenfie 
dday (d) 


Nfi. of platus 
' poQioated* 


Average see 
per car 


ds No. of ears 
without seed 




4 




0 




8 




0 




B 


87J 


0 




5 


39.0 


0 


>5 


8 


2^ 


5 




ng^lssodb. Roo|tipchniiiuaaoine8fh)maahapU»dc6U\^ 
10 chrciniosomes flma a plast itgeaerated firom imt 
and h a dq^ojd oellrnith 20 dticmosomes fsom a plant 
crated irom oolddc^ treated taJhu, Bar rcpreseati 10 Mm 




Fig. 2. Topical epp^taranoe of a doahled haploid plant (middle) 
from cokteiae tnated htpldid calhis, haploid plant (right) 
from ccktdndiii&^trejued h^oifl esDiis, and haploid plant (Left) 
irom untreated callus^ The pet diaoetetl am Z7.5 an 



* One ear per pUnt was setf-pelhsated 




fig,X Mature eats 
doubfed hafdoid ptaots 
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in CTfchtg'^ft^n*»""Pg medhniLJ thg more diploid plwrts 
twtfc tceencrftttfd, an^ liiplofMi planAs were rqaiieralcd 
fiom the ooDtitd calU without colchicme tfeatment 
Th m rm*)*^ *^ indicate that riirnnKWmio doubling of 
mate eaUua tissue by ooIcUciiieitrBatnieiit is i^tfoduo* 
ibis and is not ^uiotype-apcdfie* 



entire donbted haploid pJantj with bigh fitequcacy, ^hicii 
piodnce fertile maizs inbtedlliiKS withip a short time at 
a hifib freqDMcy.jtfaos inakiDg tba anther culture tcd»- 
niqw more uselbt Ito the plfljat breeder« 

iteJbwiyfaifepwtfitf-TaiiByodtiw aapp fl ^ 
Wood AgncnttaialjEaperimeBl Station and United A^iiMcdB 
Ina witli Che hdpAil iaMoe of ibr. D. R. P 



The pment study flho^' that theioolchicinD treatment of 
the embtyosenio hapioid maize oalhu cau be- very cffco- 
tlvo for producini a toige number of doubled hapioid 
plants. By incubating embfyogeuio hapioid calfi on 
colduGtuHOntaimng medhm!. doubled h^knd {^ti 
vrate ^odwaed at high fiequaneiea. Since all the planti 
from nutreated calll wm bapliMda, the oodioenoe of 
doubled hapioid planti nmst be due to the effea of col- 
cbicine. The method is npid aiuce It only reqiiiied 6 
Bioathft from POkUdne treattneiu of cam to tha harvest 
of sceda fiom the legepented doubled hapdoid pluKL 

The mnlift of ddi study Boggest that the duzation of 
MteluGine oeatmeat Is ia^>ortaiit. The tieatment of more 
than 48 h ii neeessuy in order to iget higher fiequen^y of 
doubled hapioid* smong the rtseneratBd plants. If tbe 
treatment Li 7Zb* tettaploid plants oould be pio^wed, 
whicih may not be desinble. Tbe two conoentmtiotts of 
x>Iehkineused» 0.025 V« and 0.05%. did not ^how sipiif- 
cant dififtaoces m their dircmosome doubttog effiden- 

Theie was no indication that ploidy chimems wen 
vgenetated, since most of the doubled hftpLoid plants 
mdnced seedi alter ielf^poQiAation. The problem which 
xuiicd tiM doubled bapldd plants to not set seeds was 
oainily delayed silk emargettco oe the lack of ear fonna* 
ion, which are coimmon phenomena among tissue 
«sltixre-de«lved mafaseplunu (Mieo et at 197a; Fetblino 
ind Jones 1986). The abnormal plants found among ^ 
egenemtes were probably due to the tissue culture con- 
titiozu tather than tba colcUdne treatment dnoe the 
ame afanomialitiei (stunted grorwth, terrninal ear, the 
ick of normal ear) existed aicong the plants regenerated 
nun untreated control callL In pmcidca. only vigorous 
Mantlets should be seleeted before tranaplantiiig to 
recnhouae or iield. This should reduce tbe fieqti^ 
bnonnal plants. 

The results shew that cotchiiciae treatment of em- 
ryogenic hftploid caQus csn result in the production of 
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